
SPECIFICATION 



Method of Manufacturing Compound, Compound Manufacturing Apparatus, and 

Compound 

5 

Technical Field 

The present invention relates to a method and apparatus for 
manufacturing a compound and to a compound, and more particularly to a 
compound suited for use in a structure requiring light weight and high strength 
10 and to a method of manufacturing same. 

BACKGROUND ART 

As the conventional compound for use in a structure requiring light weight 
and high strength, there are generally known those formed by arranging a pre- 
15 form (molded member) structured by using a ceramic hollow sphere, an 
inorganic fiber and a ceramic particle together in a mold die of a casting 
machine for die-cast or so and impregnating a metal matrix melt in the pre-form 
arranged in the mold die (see Patent Document 1, for example). 

20 Patent Document 1 

JP-A-1 1-29831 (pages 2 to 3, Fig. 1) 

However, in recent years, there is a desire for those having a higher 
strength than the conventional compound while maintaining the state of 
25 lightweight. 

DISCLOSURE OF THE INVENTION 
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The present invention has been made in view of the above circumstances, 
wherein it is an object to provide a compound light in weight and high in 
strength and a method and apparatus for same. 

The invention proposes the following problem-solving means in order to 
5 solve the above problem. 

(1) A method of manufacturing a compound comprising: 

an outer part forming step of forming a metal outer part in a desired 
exterior form having a hollow space; and 

a content material forming step of forming a content material in the hollow 
10 space by using a metal matrix melt to be die-molded and a filler contained in the 
melt 

(2) A method of manufacturing a compound according to (1), wherein 
the outer part is to be heated up by using induction heating. 

(3) A method of manufacturing a compound according to (1), wherein 
15 the filler uses a hollow particle or a particle. 

(4) A method of manufacturing a compound according to (1), wherein 
the filler uses a reinforcing fiber or a felt. 

(5) . A method of manufacturing a compound according to a mixture of 
two or more of a hollow particle, a particle, a reinforcing fiber and a felt. 

20 (6) A method of manufacturing a compound, comprising: 

a first step of forming a metal outer part in a desired form having a hollow 

space; 

a second step of setting up the outer part on an outer part setter of a first 
mold die; 

25 a third step of charging a filler in the hollow space by a predetermined 

charging manner; 

a fourth step of charging a metal matrix melt to be die-molded into a 
second mold die and pouring the melt from the second mold die into the hollow 
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space of the outer part set up on the first mold die so that the melt can be 
impregnated in the filler, thus forming a content material; and 

a fifth step of taking the outer part out of the first mold die after cooling 
down the content material formed. 
5 (7) A method of manufacturing a compound according to (6), further 

including a sixth step of pouring the melt from the second mold die into a hollow 
space of another outer part set up on another first mold die different from the 
first mold die before moving to the fifth step after executing the fourth step, and 
forming a content material in the hollow space in the other outer part. 
10 (8) A method of manufacturing a compound according to (6), wherein 

the outer part is heated up by using induction heating. 

(9) A method of manufacturing a compound according to (6), wherein 
the filler uses a hollow particle or a particle. 

(10) A method of manufacturing a compound according to (6), wherein 
15 the filler uses a reinforcing fiber or a felt. 

(1 1 ) A method of manufacturing a compound according to (6), wherein 
the filler uses a mixture of two or more of a hollow particle, a particle, a 

reinforcing fiber and a felt. 

(12) An apparatus for manufacturing a compound, comprising: 

20 a first mold die having an outer part setter for setting up a metal outer 

part in a desired exterior form having a hollow space; and 

content material forming means for forming a content material in the 

hollow space by using a metal matrix melt to be die-molded and a filler 

contained in the melt. 
25 (13) An apparatus for manufacturing a compound according to (12), 

wherein 

the heater for heating up the outer part is structured by using induction 
heating. 
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(14) An apparatus for manufacturing a compound according to (13), 
wherein 

a gasket is arranged between the first mold die and the second mold die, 
and a filter is arranged between the outer part set up on the outer part setter 
5 and the melt charger. 

(15) An apparatus for manufacturing a compound according to (14), 
wherein 

a filter is further arranged between the outer part and a fluid conduit port 
communicating with the outer part setter. 
10 (16) An apparatus for manufacturing a compound, comprising: 

a first mold die formed with an outer part setter for setting up a metal 
outer part in a desired exterior form having a hollow space in which a filler can 
be charged by a predetermined charge manner; 

a second mold die formed with a melt charger for charging a metal matrix 
15 melt to be die-molded; and 

melt impregnating means for pouring the melt from the melt charger into 
the hollow space of the outer part set up on the outer part setter, and forming a 
content material by impregnating the melt in the filler. 

(17) An apparatus for manufacturing a compound according to (16), 
20 wherein 

the first mold die is structured in plurality so that the melt can be poured 
therein, in order, from the melt charger. 

(18) An apparatus for manufacturing a compound according to (16), 
wherein 

25 a heater for heating up the outer part is structured by using induction 

heating. 

(19) An apparatus for manufacturing a compound according to (16), 
wherein 
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a gasket is arranged between the first mold die and the second mold die, 
and a filter is arranged between the outer part set up on the outer part setter 
and the melt charger. 

(20) . An apparatus for manufacturing a compound according to (19), 
5 wherein 

a filter is further arranged between the outer part and a fluid conduit port 
communicating with the outer part setter. 

(21) A compound characterized by comprising: 

a metal outer part in a desired exterior form having a hollow space; and 
10 a content material formed in the hollow space by using a metal matrix 

melt to be die-molded and a filler contained in the melt. 

(22) A compound according to claim 21, wherein 
the filler uses a hollow particle or a particle. 

(23) A method of manufacturing a compound according to (21), wherein 
15 the filler uses a reinforcing fiber or a felt. 

(24) A method of manufacturing a compound according to (21 ), wherein 
the filler uses a mixture of two or more of a hollow particle, a particle, a 

reinforcing fiber and a felt. 

(25) A compound characterized in that: 

20 a metal matrix melt to be die-molded is impregnated in the filler, a metal 

outer part in a desired form having a hollow space being provided as a part 
forming an exterior form as a charge vessel and as a product as to the filler and 
the melt. 

(26) A compound according to claim 25, wherein 
25 the filler uses a hollow particle or a particle. 

(27) A method of manufacturing a compound according to (25), wherein 
the filler uses a reinforcing fiber or a felt. 

(28) A method of manufacturing a compound according to (25), wherein 
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the filler uses a mixture of two or more of a hollow particle, a particle, a 
reinforcing fiber and a felt. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figs. 1 A and 1 B are views showing one embodiment of compound 

according to the present invention wherein Fig. 1 A is a perspective view of an 
outer part while Fig. 1 B is a perspective view of the compound. 

Figs. 2A and 2B are views showing another embodiment of compound 
according to the present invention wherein Fig. 2A is a perspective view 
10 showing a compound whose outer part is formed in a cylinder having a 
rectangular cross-section while Fig. 2B is a perspective view showing a 
compound whose outer part is formed by welding press-worked plates. 

Fig. 3 is a front view of an apparatus main body showing one 
embodiment of compound manufacturing apparatus according to the invention. 
15 Fig. 4 is a plan view of the apparatus main body of Fig. 3. 

Fig. 5 is a side view of the apparatus main body of Fig. 3. 
Fig. 6 is a front view of the manufacturing apparatus (set with a lower 
mold die) for explaining a method of manufacturing a compound according to 
the invention. 

20 Fig. 7 is a front view of the manufacturing apparatus (set with an outer 

part) for explaining a method of manufacturing a compound according to the 
invention. 

Fig. 8 is a front view of the manufacturing apparatus (set with a hollow 
particle) for explaining a method of manufacturing a compound according to the 
25 invention. 

Fig. 9 is a front view of the manufacturing apparatus (set with an alumina 
filter) for explaining a method of manufacturing a compound according to the 
invention. 
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Fig. 10 is a front view of the manufacturing apparatus (set with a melt die) 
for explaining a method of manufacturing a compound according to the 
invention. 

Fig. 1 1 is a front view of the manufacturing apparatus (upon charging a 
5 melt) for explaining a method of manufacturing a compound according to the 
invention. 

Fig. 12 is a front view of the manufacturing apparatus (set with an upper 
mold die, during press) for explaining a method of manufacturing a compound 
according to the invention. 
10 Fig. 13 is a front view of the manufacturing apparatus (during 

pressurization with an inert gas) for explaining a method of manufacturing a 
compound according to the invention. 

Fig. 14 is a front view of the manufacturing apparatus (upon taking out a 
product) for explaining a method of manufacturing a compound according to the 
15 invention. 

Fig. 15 is an explanatory view of a manufacturing apparatus 
corresponding to the compound of Fig. 2. 

Fig. 16 is an explanatory view of a state that the outer part is set up on 
the lower mold die, in the compound manufacturing apparatus of Fig. 15. 
20 Fig. 17 is an explanatory view of a state that the outer part is charged 

with a hollow particle, in the compound manufacturing apparatus of Fig. 15. 

Fig. 18 is an explanatory view of a compound manufacturing apparatus 
using a pipe-formed outer part worked by forming. 

Figs. 19A and 19B are sectional views of the pipe-formed outer part 
25 worked by forming, wherein Fig. 19B is a perspective view of a compound 
manufactured by using the outer part of Fig. 19A. 

Fig. 20 is an explanatory view of a manufacturing apparatus for a 
compound using an elongate-pipe-formed outer part. 
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Fig. 21 is a cross-sectional view of a compound using the elongate-pipe- 
formed outer part. 

Fig. 22 is an explanatory view of a manufacturing apparatus for a 
compound using an elongate-pipe-formed outer part. 

Fig. 23 is a sectional view of the compound using an elongate-pipe- 
formed outer part of Fig. 22. 

Fig. 24 is a graph showing a relationship between a bending strength and 
a specific gravity of the compound. 

Figs. 25A, 25B and 25C are graphs showing a characteristic of a single 
content material wherein Fig. 25A is a graph of a bending strength during 1-mm 
displacement, Fig. 25B is a graph of a sample load and Fig. 25C is a graph of a 
specific strength during 1-mm displacement. 

Figs. 26A, 26B and 26C are graphs showing a characteristic in using a 
pipe-formed outer part (SUS304 (t 0.2)) wherein Fig. 26A is a graph of a 
bending strength during 1-mm displacement, Fig. 26B is a graph of a sample 
load and Fig. 26C is a graph of a specific strength during 1-mm displacement. 

Figs. 27A, 27B and 27C are graphs showing a characteristic in using a 
pipe-formed outer part (SUS304 (t 0.4)) wherein Fig. 27A is a graph of a 
bending strength during 1-mm displacement, Fig. 27B is a graph of a sample 
load and Fig. 27C is a graph of a specific strength during 1-mm displacement. 

Figs. 28A, 28B and 28C are graphs showing a characteristic in using a 
pipe-formed outer part (SUS304 (t 0.6)) wherein Fig. 28A is a graph of a 
bending strength during 1-mm displacement, Fig. 28B is a graph of a sample 
load and Fig. 28C is a graph of a specific strength during 1-mm displacement. 

Figs. 29A, 29B and 29C are graphs showing a characteristic in using a 
pipe-formed outer part (SUS304 (t 0.8)) wherein Fig. 29A is a graph of a 
bending strength during 1-mm displacement, Fig. 29B is a graph of a sample 
load and Fig. 29C is a graph of a specific strength during 1-mm displacement. 
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Figs. 30A, 30B and 30C are graphs showing a characteristic in using a 
pipe-formed outer part (aluminum 1070 (t 1.0)) wherein Fig. 30A is a graph of a 
bending strength during 1-mm displacement, Fig. 30B is a graph of a sample 
load and Fig. 30C is a graph of a specific strength during 1-mm displacement. 
5 Figs. 31 A, 31 B and 31 C are graphs showing a characteristic in using a 

pipe-formed outer part (SS (t 1 .0)) wherein Fig. 31 A is a graph of a bending 
strength during 1-mm displacement, Fig. 31 B is a graph of a sample load and 
Fig. 31 C is a graph of a specific strength during 1-mm displacement. 

Fig. 32 is a graph of a bending strength during using a pipe-formed outer 
10 part (SUS304 (t 0.2)). 

Fig. 33 is a graph of a bending strength during using a pipe-formed outer' 
part (SUS304 (t 0.4)). 

Fig. 34 is a graph of a bending strength during using a pipe-formed outer 
part (SUS304 (t 0.6)). 
15 Fig. 35 is a graph of a bending strength during using a pipe-formed outer 

part (SUS304 (t 0.8)). 

BEST MODE FOR CARRYING OUT THE INVENTION 
With reference to the drawings, embodiments of the present invention will 
20 be explained below. Figs. 1 and 2B are views showing one embodiment of a 
compound according to the invention, wherein Fig. 1 A is a perspective view of 
an outer part while Fig. 1 B is a perspective view of the compound structure. 

In Figs. 1A and 1B, reference numeral 1 shows a compound to be 
suitably used in a structure requiring light weight and high strength. The 
25 compound 1 is structured with a metal outer part 3 having a hollow space 2 and 
a content material 4 formed in the hollow space 2. The outer part 3 has a 
desired exterior form, which herein has a desired wall thickness t and formed in 
a pipe form having smooth inner and outer surfaces. Meanwhile, the content 



material 4 is to reduce the weight and improve the strength of the compound 1 , 
which herein is formed in a state filling the hollow space 2. The compound 1 
like this, although explained later in detail with using another outer part than the 
outer part 3, is manufactured by a manufacturing apparatus structured, as 
5 described later, including an outer-part forming process and an inner-body 
forming process. 

The body in various kinds, according to the invention including the 
compound 1 , is structured light in weight and high in strength, owing to the 
combination of an outer part and a content material formed in the hollow space 

10 of the outer part. For example, those are applicable as substitutes for 

structures, such as pipes, panels, cases and covers, presently used in broad 
technical fields. Namely, substitution is possible for the structures in broad 
technical fields including uprights such as of antenna poles, frames for bicycles 
and wheelchairs, automobile-body reinforcing members such as impact beams 

15 and tower bars, soundproof members, shield panel members, at-worksite 
foothold members, office-automating members, shield box members such as 
ECU cases and junction block covers, engine head cover members, aircrafts, 
shipping, railroad cars, space fields, harbor facilities, signal posts, ski poles, and 
so on. 

20 The outer part of the invention, including the outer part 3, is provided as a 

part forming an exterior shape as a product. The outer part is formed with 
various forms such as a pipe formed of a metal of stainless steel, aluminum, 
copper, iron, titanium, ceramics (pipe, plate molded member) or punched metal 
(mesh form), a pipe worked by forming, a plate formed of the foregoing metal, a 

25 press-worked plate by pressing, or joined ones of those by welding or so. 
Meanwhile, the outer part, having a hollow space, is formed to serve as a 
charge vessel for forming a content material. Incidentally, the hollow space 
may be formed by use of a separate member that can be removed after forming 
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a content material (the separate member be explained later as a pin-like piece 
1 1 0B-a in Figs. 1 8, 1 9A and 1 9B). 

The content material of the invention including the content material 4 is 
formed by using a moldable metal matrix melt and a filler contained in the melt. 
5 The metal matrix herein uses an aluminum die-cast alloy (e.g. ADC12 or the like, 
JIS Standard) (metal matrix may otherwise include Mg (magnesium)). The filler, 
intended for weight reduction and strength improvement, herein uses a light- 
weight filler, an inorganic filler or a fiber in various kinds. The light-weight filler 
includes, as an example, a hollow particle (ceramic hollow particle) of silica, 

10 alumina, mullite or the like (incidentally, the hollow particle is not limitative but a 
solid particle may be employed). Meanwhile, the fiber in various kinds includes 
a ceramic fiber, a ceramic whisker, a carbon fiber and a felt, as examples. The 
filler may be a mixture of two or more of the above examples. 

The compound may be manufactured by use of an outer part having an 

15 exterior shape as shown in Figs. 2A and 2B for example, besides structured 
with using the outer part 3 as in the compound 1 (a compound can be 
manufactured having an exterior shape suited to a product application). Fig. 2A 
and 2B are views showing another embodiment of a compound of the invention. 
Fig. 2A is a perspective view showing a compound that the outer part is formed 

20 in a cylindrical form having a rectangular section while Fig. 2B is a perspective 
view showing a compound that the outer part is formed by joining press-worked 
plates together. 

In Fig. 2A, a compound 1 1 having light weight and high strength is 
structured with a metal outer part 13 having a hollow space 12 and a content 
25 material 14 formed in the hollow space 12. The outer part 13 is a cylindrical 
member opened at both ends and having a rectangular section, whose interior 
is formed as a hollow space 12. Meanwhile, the content material 14 is formed 
of the same substance as the foregoing content material 4. The compound 1 1 



is made lighter in weight than the solid structure having the same exterior shape 
formed of the metal material of the outer part 13. Furthermore, it has a higher 
strength than the outer part 13 single or the content material 14 single. 
In Fig. 2B, a compound 21 having light weight and high strength is 
5 structured with a metal outer part 23 having a hollow space 22 (see Fig. 16) and 
a content material 24 formed in the hollow space 22. The outer part 23 is 
structured with a plate 23b having an opening 23a for charging or pouring the 
filler and metal melt into the hollow space 22, and a press-worked plate 23d 
nearly in a boat form having a recess 23c. Meanwhile, the outer part 23 is 

10 formed by welding or merely contacting the plate 23b and the press-worked 

plate 23d together, as shown in the figure. The content material 24 is formed of 
the same as the foregoing content material 4. The compound 21 like this is 
made lighter in weight than the solid structure having the same exterior shape 
and of the metal material of the outer part 23. Furthermore, it is higher in 

15 strength than the outer part 23 single or the content material 14 single. 

Referring to Figs. 3 to 14, explanation is next made of an apparatus and 
method of manufacturing a compound of the invention. First explained is a 
manufacturing apparatus. 

A compound manufacturing apparatus in the invention, shown at 

20 reference numeral 101, is structured with a lower plate 103 having a pair of rails 
102, 102 extending horizontally (in a front-rear direction), a slide plate 104 in a 
two-member structure for slide based on the one pair of rails 102, 102, a 
plurality of column supports 105 vertically extending and having one ends fixed 
to the lower plate 1 03, an upper plate 1 06 fixed on the other ends of the column 

25 supports 105, a cylinder 107 fixed on the upper plate 106, an intermediate plate 
108 inserted over the column supports 105 and for vertical slide with 
expansion/contraction of the cylinder 107, a pressurizing plate fixed on the 
intermediate plate 108 and opposed to the slide plate 104, for example. 
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Also, the manufacturing apparatus 101 is structured having a lower mold 
die 110, melt die 1 1 1 and upper mold die 1 12, set up between the opposed 
slide plate 104 and pressurizing plate 109. 

The lower mold die 1 10 is formed with an outer-part setter 1 13 for setting 
5 the outer part, and a fluid conduit port (air vent), not shown, communicating with 
the outer-part setter 1 13. A filter (not shown) is attached, for example, at an 
opening edge of the not-shown fluid conduit port. 

The melt die 1 1 1 is formed with a melt-charger 1 14 for charging the metal 
matrix melt. The melt charger 1 14 is formed nearly in a funnel form in a manner 
10 continuing with the outer-part setter 113. Incidentally, the opening formed in the 
outer part is formed in a position matched to the position of the melt charger 
1 14. A gasket, not shown, is arranged in a region joining between the melt die 
111 and the lower mold die 110. 

An argon-gas pressurizer 115 (not limited to argon gas) on the upper 
15 mold die 112. Meanwhile, the upper mold die 1 12 is formed with a piping 116 
leading the gas pressure of from the argon-gas pressurizer 1 15 to the interior of 
the melt charger 114. The reference numeral 117, in the figure, represents a 
heater for use in heating. 

In the manufacturing apparatus 101, the lower mold die 110 is assumed 
20 corresponding to a first mold die set forth in the claim. Meanwhile, the melt die 
1 1 1 is assumed corresponding to a second mold die, similarly. Meanwhile, the 
melt die 1 11 and upper mold die 1 12 is assumed corresponding to content 
material forming means, similarly. Meanwhile, the upper mold die 1 12 is 
assumed corresponding to melt impregnating means similarly. Meanwhile, the 
25 heater 1 17 is assumed corresponding to a heater, similarly. 

The compound manufacturing method based on the above structure is 
explained in one example thereof. First, performed is a process step to set up 
the lower mold die 110 on a predetermined position of slide plate 104, as shown 



in Fig. 6. At this time, the operation is naturally facilitated if the slide plate 104 
is previously drawn frontward. 

Subsequently, after completing the setting up of lower mold die 110, 
performed is a process to set up an outer part 33 having hollow space 32 in the 
5 outer-part setter 1 1 3 of lower mold die 1 1 0 (corresponding to a second step set 
forth in the claim, the second step and subsequent herein agreeing with a 
content material forming step). Incidentally, the outer part 33 is assumed 
previously formed having a shape as shown in the figure in another process 
step (outer part forming step and first step set forth in the claim). 

10 Subsequently, after completing the setting up of outer part 33, performed 

is a process to charge a hollow particle 34a in the hollow space 32 of the outer 
part 33 (corresponding to a third step set forth in the claim). As for charging of 
a hollow particle 34a, employed suitably is a charge method (e.g. charging by 
the action of vibration, interrupted feed under pressure (cutting by putting in a 

15 bag of a material (e.g. paper or resin) to vanish due to contact with a melt), etc.). 
Incidentally, this is not true for the charge timing of a hollow particle 34a. 
Namely, it may be done before setting up the outer part 33 to the outer setter 
113. 

Subsequently, after completing the charging of a hollow particle 34a, 
20 performed is a process step to set up an alumina filter 1 18 to an opening 
position of the outer part 33, as shown in Fig. 9. Then, after completing the 
setting up of the alumina filter 1 18, performed is a process step to set up a melt 
die 1 11 on the lower mold die 1 10, as shown in Fig. 10. At this time, the 
opening of outer part 33 and the melt charger 1 14 of melt die 1 1 1 are aligned 
25 together sandwiching the alumina filter 118. 

Subsequently, after completing the setting up of the lower mold die 110, 
performed is a process step to charge a metal-matrix melt 34b into the melt 
charger 1 14 of melt die 1 1 1 , as shown in Fig. 11. As for melt 34b charge, a 
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charge method is assumed suitably employed. Subsequently, after completing 
the charging of melt 34b, performed is a process step to set up an upper mold 
die 1 1 2 on the melt die 1 1 1 , as shown in Fig. 12. At this time, the piping 1 1 6 in 
the upper mold die 1 12 is placed in communication with the melt charge 1 14 of 
5 the melt die 1 1 1 . Also, due to an operating of the cylinder 107, the upper mold 
die 1 12 is urged by a descending pressurizing plate 109. 

Subsequently, after completing the setting of upper mold die 112, 
performed is a process step to actuate the argon-gas pressurizer 1 1 5 on the 
upper mold die 1 12 and pressurize the melt charger 1 14 of melt die 1 1 1 with 

10 argon gas thereby pouring the metal-matrix melt 34b charged in the melt 
charger 114 into the hollow space 32 of outer part 33 (the description so far 
corresponding to a fourth step set fourth in the claim), as shown in Fig. 13. At 
this time, the melt 34b poured in the hollow space 32 is impregnated in the 
hollow particle 34a, thereafter forming a content material 34. 

15 Subsequently, after completing the impregnation of melt 34b to the hollow 

particle 34a followed by forming a content material 34 to a certain extent of 
cooling, performed is a process step to remove the upper mold die 112 and melt 
die 1 1 1 to take a manufactured compound 31 out of the outer-part setter 1 13 of 
lower mold die 110 as shown in Fig. 14, and to remove the alumina filter 118 

20 (corresponding to a fifth step set fourth in the claim). 

Incidentally, although not shown, the lower metal mold die 1 10 may be 
exchanged during the cooling, to pour a melt 34b through the melt die 1 11 into 
a hollow space of another outer part (not shown) set up on the another lower . 
metal die (not shown) than that thereby forming a content material in the hollow 

25 space of the other outer part (not shown) (corresponding to a sixth step set forth 
in the claim). It is natural that productivity rate is to be improved by including 
this process step. 
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Referring to Figs. 15 to 17, next explained is an apparatus for 
manufacturing the compound 21 . Fig. 1 5 is an explanatory view of a 
manufacturing apparatus corresponding to the compound in Fig. 2B. 
Meanwhile, Fig. 16 is an explanatory view of a state the outer part is set up on 
5 the lower mold die while Fig. 17 is an explanatory view of a state that a hollow 
particle is charged in the outer part. 

In Fig. 15, the apparatus 101 A for manufacturing the compound 21 (see 
Fig. 2B) is in a structure that, basically, the lower mold die 1 10 of the foregoing 
manufacturing apparatus 101 is replaced with a lower mold die 1 1 0A as in the 
10 following wherein such a hold die as shown at reference numeral 1 19 is newly 
provided. The lower mold die 1 1 0A is formed with an outer-part setter 1 1 3A 
matched to the form of the outer part 23. 

As for manufacture of a compound 21 , the outer part 23 is set up on the 
outer-part setter 113A, as shown in Fig. 16. Furthermore, as shown in Fig. 17, 
15 a hollow particle 24a is charged in the hollow space 22 and then an alumina 
filter 1 1 8 is set up on the outer part 23, on which the hold die 1 1 9 is further set 
up. Then, in case process steps are performed, in order, to set up the melt die 
111 and the subsequent, manufacture is completed for a compound 21 , having 
a light weight and high strength, structured with the outer part 23 and content 
20 material 24. 

Referring to Figs. 18, 19A and 19B, explanation is now made on a 
compound as another example and an apparatus for manufacturing such a 
compound. Fig. 18 is an explanatory view of a manufacturing apparatus for a 
compound using a pipe-formed outer part worked by forming. Fig. 19A is a 
25 sectional view of an outer part worked by forming while Fig. 19B is a 
perspective view of a compound using the outer part of Fig. 19A. 

In Figs. 18, 19A and 19B, the apparatus 101 B for manufacturing a 
compound 41 is basically structured that the lower mold die 1 10 of the foregoing 
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manufacturing apparatus 101 is merely replaced with the following lower mold 
die 1 10B. The lower mold die 1 1 0B is formed with an outer-part setter 1 13B 
matched to the form of outer part 43. Meanwhile, in the lower mold die 1 10B, 
there is provided a pin-formed piece 1 10B-a inserted in the hollow space 42 of 
5 outer part 42 and for forming a through-hole 41a in a compound 41 . 

As for manufacture of a compound 21 , the outer part 43 is set up on the 
outer-part setter 1 13B, and a hollow particle 44a is charged in the hollow space 
42. Then, an alumina filter is set up on the outer part 43. Then, in case 
process steps are performed, in order, to set up a melt die 1 1 1 and the 
10 subsequent, manufacture is completed for a compound 41 , having a light weight 
and high strength, structured with the outer part 43 and content material 44. 

Referring to Figs. 20 and 21 , explanation is now made on a compound as 
still another example and an apparatus for manufacturing such a compound. 
Fig. 20 is an explanatory view of a manufacturing apparatus for a compound 
15 using an elongate-pipe-formed outer part. Fig. 21 is a sectional view of an 
elongate-pipe-formed outer part. 

In Figs. 20 and 21, an apparatus 101 C for manufacturing a compound 41 
is basically structured that the lower mold die 1 10 of the foregoing 
manufacturing apparatus 101 is merely replaced with the following lower mold 
20 die 1 10C. The lower mold die 1 10C is structured with a first lower mold die 
1 1 0C-a, a second lower mold die 1 1 0C-b, a die hold member 1 1 0C-c and a 
heater 1 10C-d. Meanwhile, the lower mold die 1 10C is formed as a mold die 
having a split structure such that the first lower mold die 1 10C-a and the second 
lower mold die 1 1 C-b can clamp the outer part 53 at its one and the other ends 
25 formed in the above form. 

The first lower mold die 1 10C-a and the second lower mold die 1 10C-b 
are respectively formed with outer-part setters 1 13C assuming a form capable 
of clamping the outer part 53. The second lower mold die 1 10C-b is formed 



with a fluid conduit port (air vent) 1 10C-e. The heater 1 10C-d uses induction 
heating so that the outer part 53 can be heated up directly. 

As for manufacture of a compound 51 , the outer part 53 is set up at the 
respective outer-part setters 1 13C of the first lower mold die 1 10C-a and 
5 second lower mold die 1 10C-b, and a hollow particle is charged in a hollow 

space of the outer part 53. Then, a not-shown alumina filter is set up on the first 
lower mold die 1 10C-a. Then, in case process steps are performed, in order, to 
set up the melt die 1 1 1 and the subsequent, manufacture is completed for a 
compound 51 , having a light weight and high strength, structured with the outer 
10 part 53 and content material 54. 

EMBODIMENT 

Now explained are the results of various evaluations made on a 
compound 61 manufactured by use of a manufacturing apparatus 131 . 

15 Fig. 22 is an explanatory view of a manufacturing apparatus for a 

compound using a pipe-formed outer part, Fig. 23 is a cross-sectional view of a 
compound using a pipe-formed outer part, Fig. 24 is a graph showing a 
relationship between a strength and a specific gravity of a compound, Figs. 25A 
- 25C are graphs showing a characteristic of a single content material, Figs. 

20 26A - 29C are graphs showing a characteristic in using a pipe-formed outer part, 
Figs. 30A - 30C are graphs showing a characteristic in using a pipe-formed 
outer part (aluminum 1070 (t1, 0)), Figs. 31 A - 31 C are graphs showing a 
characteristic in using a pipe-formed outer part (SS (t1 , 0)), and Figs. 32 - 35 
are graphs of a bending load. 

25 In Fig. 22, the manufacturing apparatus 131 is structured by setting up a 

lower mold die (first die) 132, melt die (second die) and upper mold die 134 
between a slide plate and a pressurizing plate that are opposed to each other, 
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in a manner similar to the foregoing manufacturing apparatus (This is true as to 
manufacturing process). 

The lower mold die 132 is formed with an outer-part setter 135 for setting 
up an outer part for a compound 61 , and a fluid conduit port (air vent) 136 
5 communicating with the outer-part setter 135. A filter (not shown) is attached at 
an opening edge of the fluid conduit port 1 36. In this embodiment, the lower 
mold die 132 has a mold-die temperature set at 540 °C. 

The melt die 133 is formed with a melt charger 137 for charging a metal- 
matrix melt 64a. The melt charger 137 is formed in a funnel form in a manner 
10 continuing with the outer-part setter 1 35. In this embodiment, the melt die 1 33 
has a die temperature set at 700 °C. Meanwhile, the melt 64a has a 
temperature also set at 700 °C. 

A gasket 138 is arranged between the lower die 132 and the melt die 133. 
Meanwhile, a filter 139 is arranged between the outer-part setter 135 and the 
15 melt charger 137. The arrow in the figure represents a pressure-applying 

direction of argon gas. In this embodiment, the application pressure to argon 
gas is set at 392 - 980 kPa. 

In Figs. 22 and 23, the compound 61 manufactured by the manufacturing 
apparatus 131 is structured with a pipe-formed outer part 63 having a hollow 62, 
20 and a content material 64 formed in the hollow of the outer part 63. 

The outer part 63 uses any of materials of stainless steel (SUS304), 
aluminum (1070), iron (SS). Meanwhile, the outer part 63 is formed with a 
diameter cf>1 0 wherein the wall thickness t is in a range of t = 0.2 - 1.0. 
Furthermore, the outer part 63 is formed to 100 mm in the entire length thereof. 
25 The content material 64 is structured of a metal matrix and a light-weight 

filler. In this embodiment, the metal matrix uses an aluminum die-case alloy 
(ADC12 in JIS standard). Meanwhile, the light-weight filler is a hollow particle, 
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blended with aluminum by 25 - 35%, iron oxide by 1 - 5% and titania by 0.5 - 
1 .5%, in a size of 1 0 - 350 urn. 
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As shown in Tables 1 to 3, the following samples were manufactured in a 
certain number. Namely, (1) manufactured was a sample of single content 
material 64 (single circular rod without having an outer part). (2) Meanwhile, 
samples were manufactured as single outer parts (single pipes of SUS304) 

5 having wall thickness of t = 0.2, t = 0.4, t = 0.6 and t = 0.8. (3) Meanwhile, 
samples were manufactured as to various composite bodies 61 whose content 
materials 64 were formed in the hollow spaces 2 of outer parts 63 (SUS304 
pipes) having thickness of t = 0.2, t = 0.4, t = 0.6 and t = 0.8. (4) Besides, 
although not shown in Tables 1 to 3, manufactured were samples using outer 

10 parts 63 of aluminum 1 070 (t = 1 .0) and samples using outer parts 63 of SS (t = 
1.0). 

Sample weights were measured for evaluations on the abive various 
samples. Meanwhile, measurements were made as to bending load during 
displacement by 1 mm of the sample. Furthermore, determined was specific 

15 tensile strength during displacement by 1 mm of the sample (bending load 
during 1-mm displacement/sample load). 

Fig. 24 is a graph showing a relationship between a bending strength and 
specific weight of a compound, wherein specific weight is shown on the 
abscissa while bending strength is on the ordinate. In this graph, plotting of 

20 aluminum 1070 (t = 1.0) single outer part 63 is made at around a specific gravity 
of 1 .00. Using this as a benchmark, it can be known that the compound of the 
invention is so light in weight and high in strength by a comparison with other 
samples, by a comparison of a single SUS304 (t = 0.2) outer part 63 with a 
SUS304 (t = 0.2) compound 61 , by a comparison of a single SUS304 (t = 0.4) 

25 outer part 63 with a SUS304 (t = 0.4) compound 61 , by a comparison of a single 
SUS304 (t = 0.6) outer part 63 with a SUS304 (t = 0.6) compound 61 or by a 
comparison of a single SUS304 (t = 0.8) outer part 63 with a SUS304 (t = 0.8) 
compound 61 . Incidentally, the reason why the bending strength of the 
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compound 61 using the aluminum 1070 (t = 1.0) outer part 63 is not so high as 
compared with the bending strength of the aluminum 1070 (t = 1 .0) single outer 
part 63 is because there is exhibited the effect of heat treatment upon the single 
outer part (see Figs. 30A - 30C). 

5 In Figs. 25A and 34, the bending load during 1-mm displacement was 

0.73 kN (fracture before 1 mm displacement) on a single content material 64. 
Meanwhile, in Fig. 25B, sample weight was 10.68g on the single content 
material 64. Meanwhile, in Fig. 25C, the specific strength during 1-mm 
displacement was 68.35 N/g on the single content material 64. 

10 In Figs. 26A and 32, the bending load during 1-mm displacement was 

0.11 kN on a single outer part 63 (SUS304 (t = 0.2), this is true in this column) 
and 1 .37 kN on a compound 61 structured by an outer part 63 and a content 
material 64. Meanwhile, in Fig. 26B, sample weight was 62.05g on an SUS304 
solid material, 4.86g on a single outer part 63, and 14.70g on a compound 61 

15 structured by an outer part 63 and a content material 64. Meanwhile, in Fig. 
26C, the specific strength during 1-mm displacement was 22.63 N/g on a single 
content material 63 and 93.20 N/g on a compound 61 structured by an outer 
part 63 and a content material 64. It can be seen that the compound 61 using 
an outer part 63 (SUS304 (t = 0.2) has a light weight and high strength. 

20 In Figs. 27A and 33, the bending load during 1-mm displacement was 

0.39 kN on a single outer part 63 (SUS304 (t = 0.4), this is true in this column) 
and 2.00 kN on a compound 61 structured by an outer part 63 and a content 
material 64. Meanwhile, in Fig. 27B, sample weight was 62.05g on an SUS304 
solid material, 9.53g on a single outer part 63, and 18.57g on a compound 61 

25 structured by an outer part 63 and a content material 64. Meanwhile, in Fig. 

27C, the specific strength during 1-mm displacement was 40.92 N/g on a single 
outer part 63 and 107.70 N/g on a compound 61 structured by an outer part 63 
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and a content material 64. It can be seen that the compound 61 using an outer 
part 63 (SUS304 (t = 0.4) has a light weight and high strength. 

In Figs. 28A and 34, the bending load during 1-mm displacement was 
0.52 kN on a single outer part 63 (SUS304 (t = 0.6), this is true in this column) 
5 and 2.18 kN on a compound 61 structured by an outer part 63 and a content 
material 64. Meanwhile, in Fig. 28B, sample weight was 62.05g on an SUS304 
solid material, 14.00g on a single outer part 63, and 22.27g on a compound 61 
structured by an outer part 63 and a content material 64. Meanwhile, in Fig. 
28C, the specific strength during 1-mm displacement was 37.14 N/g on a single 

10 outer part 63 and 97.89 N/g on a compound 61 structured by an outer part 63 
and a content material 64. It can be seen that the compound 61 using an outer 
part 63 (SUS304 (t = 0.6) has a light weight and high strength. 

In Figs. 29A and 35, the bending load during 1-mm displacement was 
1.12 kN on a single outer part 63 (SUS304 (t = 0.8), this is true in this column) 

15 and 2.58 kN on a compound 61 structured by an outer part 63 and a content 
material 64. Meanwhile, in Fig. 28B, sample weight was 62.05g on an SUS304 
solid material, 18.27g on a single outer part 63, and 25.81 g on a compound 61 
structured by an outer part 63 and a content material 64. Meanwhile, in Fig. 
29C, the specific strength during 1-mm displacement was 61.30 N/g on a single 

20 outer part 63 and 99.96 N/g on a compound 61 structured by an outer part 63 
and a content material 64. It can be seen that the compound 61 using an outer 
part 63 (SUS304 (t = 0.8) has a light weight and high strength. Incidentally, 
from the above result, the outer 63 is given a more preferable wall thickness t = 
0.4 or greater. 

25 In Fig. 30A, the bending load during 1-mm displacement was 1.60 kN on 

an aluminum 1070 (t = 1.0) solid material (solid circular rod and without having 
an outer part) before heat treatment, 0.51 kN on the solid material after heat 
treatment, 0.62 kN on a single outer part 63 (aluminum 1070 (t = 1 .0), this is 
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true for this column) before heat treatment, 0.17 kN on the single outer part 63 
after heat treatment, and 0.67 kN on a compound 61 structured by an outer part 
63 and a content material 64 after heat treatment. Meanwhile, in Fig. 30B, 
sample weight was 21 .21 g on a solid material before heat treatment, 21 .21 g on 
5 a solid material after heat treatment, 7.62g on a single outer part 63 before heat 
treatment, 7.62g on the single outer part 63 after heat treatment, and 14.45g on 
a compound 61 structured by an outer part 63 and a content material 64. 
Meanwhile, in Fig. 30C, the specific strength during 1-mm displacement was 
75.44 N/g on a solid material before heat treatment, 24.05 N/g on the solid 

10 material after heat treatment, 81 .36 N/g on a single outer part 63 before heat 
treatment, 22.31 N/g on a single outer part 63 after heat treatment, and 46.37 
on a compound 61 structured by a single outer part 63 after heat treatment and 
a content material 64. 

In Fig. 31 A, the bending load during 1-mm displacement was 1.40 kN on 

15 a single outer part 63 (SS (t = 1 .0), this is true in this column) and 2.65 kN on a 
compound 61 structured by an outer part 63 and a content material 64. 
Meanwhile, in Fig. 31 B, sample weight was 60.08g on an SS solid material, 
21.63g on a single outer part 63, and 28.47g on a compound 61 structured by 
an outer part 63 and a content material 64. Meanwhile, in Fig. 30C, the specific 

20 strength during 1 -mm displacement was 64.72 N/g on a single outer part 63 and 
93.08 N/g on a compound 61 structured by an outer part 63 and a content 
material 64. It can be seen that the compound 61 using an outer part 63 (SS (t 
= 1 .0) has a light weight and high strength. 

As explained so far while referring to Figs. 1 A to 35, the present invention 

25 can provide a compound light in weight and high in strength and a method and 
apparatus for manufacturing such a compound. 

Besides, the invention, of course, is to be practiced in various ways 
changed within the scope not departing from the gist of the invention. 
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INDUSTRIAL APPLICABILITY 

As explained so far, the present invention is to exhibit an effect that can 
provide a method of manufacturing a compound light in weight and high in 
strength. Meanwhile, there is exhibited an effect that can provide an apparatus 
for manufacturing a compound light in weight and high in strength. Also, the 
invention is to exhibit an effect that can provide a compound light in weight and 
high in strength. The invention is to exhibit an effect that can improve the 
productivity rate. Meanwhile, the invention set forth in the other claim than the 
above is to provide an effect that can further improve the weight reduction and 
strength improvement for the compound. 
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